This paper proposes a new empirical framework for analyzing specialization dynamics. A country's pattern of specialization is viewed as a distribution across sectors, and statistical techniques for analyzing the evolution of this entire distribution are employed. The empirical framework is implemented using data on 20 industries in seven OECD countries since 1970. We find substantial mobility in patterns of specialization. Over time horizons of 5 years, this is largely explained by forces common across countries, including world prices and common changes in technical efficiency. Over longer time horizons, country-specific changes in factor endowments become more important. There is no evidence of an increase in countries' overall degree of specialization. 
Introduction
Theoretical models of trade and growth emphasize that patterns of specialization are dynamic and evolve endogenously over time. This contrasts with much of the existing empirical trade literature, which is concerned with production and trade at a point in time. This paper proposes a new empirical framework for analyzing specialization dynamics. The analysis begins with a measure of a country's extent of specialization in an individual industry derived directly from neoclassical trade theory: the share of the industry in that country's GDP. A country's pattern of specialization at any one point in time is characterized by the distribution of shares of GDP across industries. The dynamics of a country's pattern of specialization correspond to the evolution of this entire cross-section distribution over time. The focus on a country's distribution of GDP shares across industries means that the paper is concerned with production structure within countries. We employ a statistical model of distribution dynamics that has been widely used in the cross-country growth literature and is explicitly suited to analyzing the evolution of entire distributions. The empirical framework is implemented using data on 20 1 industries in seven OECD countries since 1970.
Using these techniques, it becomes possible to analyze a variety of issues relating to specialization dynamics that are suggested by the theoretical literature on trade and growth. One set of issues relates to the evolution of the external shape of the distribution of GDP shares and concerns changes in countries' overall degree of specialization-the extent to which production activity is concentrated in a few industries. For example, more rapid technological progress in the industries in which a country specializes and the accumulation of factors used intensively in these industries will result in increased specialization over time. This will be reflected in a polarization of the distribution of GDP shares towards extreme values, as countries increasingly specialize in one set of industries and reduce specialization in others. In the extreme, a bimodal or ''twin-peaked'' distribution will emerge.
A second set of issues relates to how a country's extent of specialization in individual industries changes over time and is concerned with intra-distribution dynamics. A number of theoretical models of trade and growth identify reasons why initial patterns of specialization may either be locked-in ( persistence) or reversed (mobility) over time. Whether patterns of specialization exhibit persistence or mobility therefore becomes an empirical question which can be addressed by analyzing the movement of industries within a country's distribution of GDP shares. Suppose an industry lies in the lower tail of the distribution of GDP shares. What is the probability over a given period of time that the industry will remain there? What is the probability that it will transit to the upper tail of the distribution of GDP shares and become a sector in which the country specializes? Where in the distribution is the greatest degree of mobility observed?
A third set of issues concerns the economic determinants of changes in a distribution's external shape and of industries' movements within the distribution of GDP shares. A structural econometric equation linking GDP shares, relative prices, technology levels, and factor endowments is derived from neoclassical trade theory. This econometric relationship is used to decompose observed changes in patterns of specialization into two components: (a) country-specific changes in factor endowments and (b) forces which are either common across countries but specific to individual industries (e.g. changes in industry prices on world markets, pervasive changes in technical efficiency in individual industries) or common across both countries and industries (e.g. shared changes in technical efficiency across all manufacturing industries, common changes in factor endowments across all countries). The same model of distribution dynamics may be used to analyze how patterns of specialization-the entire distribution of GDP shareswould have evolved if only country-specific changes in factor endowments had occurred or if only common forces across countries had operated.
Our main findings are as follows. First, there is substantial mobility in patterns of specialization. In the United States, the probability of an industry transiting out of its initial quintile of the distribution of GDP shares after 5 years varies from 0.39 towards the centre of the distribution to around 0.20 in the upper and lower tails. The highest levels of mobility are found in Japan and Sweden; Canada, the United Kingdom, and United States have intermediate levels; Denmark and Finland display the least.
Second, we find no evidence of an increase in the extent to which countries' production is concentrated in a few industries. Indeed, in Finland and Denmark, there is an increase in the number of industries located at intermediate values for shares of GDP, suggesting a decrease in specialization in these countries. Third, estimation of the structural econometric equation derived from neoclassical theory reveals factor endowments to be an important determinant of patterns of specialization. Over time horizons of 5 years, country-specific changes in factor endowments are found to be less quantitatively important in explaining the observed mobility in specialization patterns than forces which are common across countries. Exceptions are Japan and Finland, where changes in factor endowments explain the majority of the observed mobility even over 5-year periods. In Japan, this is related to a combination of rapid physical capital accumulation and skill acquisition; in Finland, skill acquisition plays a central role.
Over longer time horizons of 10 years and above, common cross-country effects remain influential, but country-specific changes in factor endowments become relatively more important. In the literature on international trade and wage inequality, there is considerable debate concerning the speed at which ''the 2 Heckscher-Ohlin clock ticks''. In another context, our findings suggest that it takes time for gradual changes in countries' relative factor abundance to manifest themselves in substantial changes in production structure.
The paper is organized as follows. Section 2 reviews the relationship to the existing literature. Section 3 derives a measure of a country's extent of specializa-tion in individual industries directly from neoclassical trade theory and obtains a structural econometric equation linking this measure to factor endowments, relative prices, and technology. Section 4 introduces a model of distribution dynamics which, given this measure, may be used to analyze the dynamics of a country's pattern of specialization. Section 5 undertakes a preliminary analysis of the data. Section 6 presents the results of the econometric estimation. Section 7 concludes.
Relation to existing literature
The paper is related to three main bodies of existing work. First, the theoretical literature on trade and growth provides motivation. One strand of this literature emphasizes the role of endogenous technological change. In the absence of international knowledge spillovers, models of endogenous investments in R&D or sector-specific learning by doing predict that initial patterns of specialization will become locked-in over time (e.g. Krugman, 1987; Lucas, 1988; Grossman and Helpman, 1991, Chapter 7; Redding, 1999a) . However, both international knowledge spillovers and cross-country differences in the productivity of R&D/ rates of learning by doing provide reasons why initial patterns of specialization may be reversed over time (e.g. Grossman and Helpman, 1991) .
Another strand of theoretical research emphasizes the role of factor accumulation (including Findlay, 1970; Deardorff, 1974; Davis and Reeve, 1997) . Again, initial patterns of specialization may be reinforced or weakened over time. The point is made particularly clearly in the 2 3 2 3 2 Heckscher-Ohlin model, where this depends simply upon whether the initially capital-abundant or capital-scare country experiences the more rapid rate of increase in its endowment of capital relative to labour. If the former, then not only will initial patterns of specialization become locked-in, but countries' overall degree of specialization will rise over time.
Second, the paper relates to the empirical literature that estimates the relationship between factor endowments and the international location of production. Harrigan (1995) and Bernstein and Weinstein (1998) regress output levels on factor endowments in a specification derived directly from the n-good, m-factor Heckscher-Ohlin model. Factor endowments are found to have a statistically significant and quantitatively important effect on levels of production, although within-sample predictions errors are typically large, particularly using regional Harrigan (1997) estimates the neoclassical model of production and finds that levels of technology as well as factor endowments are important determinants of patterns of specialization. Harrigan and Zakrajsek (2000) estimate the model for a broad sample of developed and developing countries and find that factor 4 endowments are a major influence on specialization. With the exception of Harrigan (1997) , each of these papers is concerned with a static relationship between factor endowments and production patterns at a point in time. Harrigan (1997) also considers a dynamic specification where a regression of GDP shares on factor endowments, technology levels, and controls for relative prices is augmented with a lagged dependent variable. This specification allows for partial adjustment, and the coefficient on the lagged dependent variable is found to be highly statistically significant. However, there is no analysis of the implications for intra-distribution dynamics or the evolution of the external shape of the distribution of GDP shares.
Third, a small number of papers have explicitly considered changing patterns of trade and production. One older branch of research has addressed these issues within the context of the n 3 m Heckscher-Ohlin model. This includes Balassa (1979) , Stern and Maskus (1981) , Bowen (1983), and Maskus (1983) . While the first two studies consider cross-country regressions of RCA and net exports on factor endowments, the last two analyze cross-industry regressions of net exports 5 on factor endowments for a single country (the United States). The relative availability of skilled and unskilled labour is typically found to be an important determinant of patterns of comparative advantage, and US-based studies find that by the 1970s the Leontief Paradox no longer held.
An alternative branch of research has adopted a more descriptive approach less directly linked to theory. Kim (1995) and Amiti (1999) analyze a productionbased measure of specialization (the ''location quotient'') that is directly analo-6 gous to trade-based measures of Revealed Comparative Advantage (RCA). Both papers examine changes in countries' overall degree of specialization using summary statistics such as the coefficient of variation or Gini coefficient. While informative, these are not generally sufficient statistics for a distribution's external shape and yield no information concerning intra-distribution dynamics. Redding (1998, 2000) use a RCA-based measure of specialization to analyze both persistence versus mobility and changes in countries' overall degree of specialization. A model of distribution dynamics is used to analyze the 4 See Nickell et al. (2001) for a neoclassical analysis of OECD countries' specialization in non-manufacturing industries.
5 See Feenstra and Rose (2000) for an analysis of the dynamic predictions of the product lifecycle hypothesis for cross-country export patterns.
6 Revealed Comparative Advantage (RCA) is defined as a country's share of world exports in sector j divided by that country's share of world exports of all goods. The ''location quotient'' is thus a country's share of world production in sector j divided by the country's share of world production of all goods. evolution of the entire distribution. However, the measure of specialization used is ad hoc and cannot easily be related to general equilibrium trade theory. For these reasons, it is not possible to link changes in specialization patterns to structural 7 economic determinants.
Neoclassical theory and economic determinants
In this section, we use neoclassical trade theory to derive a theory-consistent measure of specialization and to relate that measure to underlying structural economic determinants (see Dixit and Norman, 1980 , for a wider exposition). Time is indexed by t, countries by c [ h1, . . . ,Cj, final goods by j [ h1, . . . ,nj, and factors of production by i [ h1, . . . ,mj. Each country is endowed with an exogenous vector v of factors of production, and production is assumed to occur ct under conditions of perfect competition and constant returns to scale. We allow for differences in factor endowments across countries c and technology differences across both countries c and industries j.
General equilibrium in production may be represented using the revenue function r ( p ,v n 3 n diagonal matrix of the technology parameters u . Changes in technology in cjt industry j of country c have analogous effects on revenue to changes in industry j prices.
We follow Harrigan (1997) and Kohli (1991) in assuming a translog revenue function. This flexible functional form provides an arbitrarily close local approxi-10 mation to the true underlying revenue function, 7 For related work, again using ad hoc and atheoretic measures of specialization such as RCA or the location quotient, see Brasili et al. (1999) , Hinloopen and van Marrewijk (1998), and Stolpe (1994) . 8 Formally, a sufficient condition for the revenue function to be twice continuously differentiable is that there are at least as many factors as goods: m $ n. With n . m, production levels may be indeterminant, although this will depend on technology differences, trade costs, and whether or not there is joint production. The potential existence of production indeterminacy is really an empirical issue. In the presence of production indeterminacy, the specification below including factor endowments and controls for relative prices and technology will be relatively unsuccessful in explaining countries' patterns of production.
9 See Dixit and Norman (1980, pp. 137-139) . 10 To save notation, country-time subscripts are suppressed except where important. This equation provides the theory-consistent measure of specialization in an industry (the share of the industry in the country's GDP) that will be used with the model of distribution dynamics introduced below. It also relates the specialization measure to underlying economic determinants: relative prices, technology, and factor endowments. The translog specification implies coefficients on these variables that are constant across countries and over time. This is true even without factor price equalization. Indeed, with cross-country differences in technology, factor price equalization will typically not be observed. The effect of cross-country differences in relative prices and technology on patterns of production is directly controlled for by the presence of the second and third terms on the right-hand side of Eq. (2). The analysis so far makes no assumptions about whether countries are large or small and allows for both tradeable and non-tradeable goods. If countries are small and all goods are tradeable, the vector of relative prices will be determined exogenously on world markets. With either large countries or nontradeable goods, relative prices will be endogenous and will depend in part on factor endowments. Other things equal and on average across industries in a given country, the relative price of a non-traded good will be lower the more intensively it uses the country's relatively abundant factors of production.
If all goods are freely traded, relative prices will be the same across countries ( p 5 p for all c), and the second term on the right-hand side of Eq. (2) can be czt zt captured by a full set of time dummies for each industry j. In practice, there may be country-specific barriers to trade and some goods may be non-tradeable, and we wish to allow for both possibilities. We therefore follow Harrigan (1997) in modelling non-traded goods prices as being drawn from an estimable probability distribution, consisting of a country-industry effect, industry-time dummies, and an independently distributed stochastic error. The specification in (2) is more general than those typically considered in the empirical trade literature, and allows for cross-country differences in technology, the magnitude of which may vary across industries as is consistent with empirical 11 evidence. In principle, the Hicks-neutral technology differences, u , can be cjt measured using data on factor inputs and output together with results from the literature on Total Factor Productivity (TFP) measurement (see, for example, Caves et al., 1982; Harrigan, 1997) . However, compatible data on factor inputs and outputs are not available at the level of the highly disaggregated manufacturing industries considered in this paper. We therefore also model country-industry 12 technology differences as being drawn from an estimable probability distribution. From (2), our main estimation equation becomes
where the country-industry effect, h , controls for any permanent countrycj industry-specific barriers to trade and / or any permanent country-industry differences in technology. The industry-year dummies, f , capture common changes in jt relative prices across countries in individual industries, common and potentially industry-specific changes in technology, and common changes in factor endowments across all countries.
Eq. (3) may be estimated separately for each industry using a panel of data across countries and over time. Observed changes in countries' patterns of specialization are explained by a combination of country-specific changes in factor endowments, v , and forces which are common across countries and potentially ct industry-specific, f . If one country accumulates a given factor of production over jt time, this will result in changes in industrial structure. On average, industries using this factor of production the most intensively will experience the greatest increases in output, while those using the factor of production least intensively will experience the smallest increases in output. This will have implications for both the location of individual industries within the distribution of GDP shares and for the external shape of this distribution. If the factor of production accumulated is used most intensively in the industries where the country is initially specialized, we will observe persistence in initial patterns of specialization over time and an increase in the country's overall degree of specialization. These specialization dynamics correspond to movements between long-run equilibria. The model of distribution dynamics may also be applied to the predicted values for shares of P GDP from Eq. (3). We denote these by s :
where a hat above a parameter denotes an estimated value. Comparing the results of the distribution dynamics analysis with those using actual shares of GDP reveals the extent to which the model is able to explain observed changes in specialization patterns-both changes in external shape and movements of 13 individual industries within the distribution of GDP shares.
Eq. (3) may also be used to decompose observed changes in specialization into the component explained by common cross-country effects and the component explained by factor endowments. Predicted values may be constructed holding factor endowments constant at their beginning of sample values, v , and only country-specific changes in factor endowments, respectively, can explain observed specialization dynamics. The error in Eq. (3) includes stochastic determinants of relative prices and technology not captured by a country-industry effect and industry-time dummies. If these are uncorrelated with factor endowments, estimation of Eq. (3) will yield unbiased and consistent values of the structural parameters g . These correspond ji to the Rybczynski derivatives of Heckscher-Ohlin theory: the direct general equilibrium effects of changes in factor endowments on the shares of sectors in GDP, holding constant relative prices and technology. More generally, the estimated coefficients on factor endowments will also capture the effects of stochastic determinants of relative prices and technology correlated with factor endowments (to the extent that these are not controlled for by the countryindustry effect and industry-time dummies). If countries are large or goods non-tradeable, changes in factor endowments will affect relative goods prices, giving rise to a correlation between endowments and relative prices. In the absence of factor price equalization, relative factor abundance may influence the direction of technological change. Entrepreneurs may endogenously choose innovative effort in response to factor intensities and relative factor prices, inducing a 14 correlation between endowments and technology.
In each case, the correlation is capturing an indirect effect of factor endowments on output levels-in the first case through relative prices and in the second through technology levels. In the distribution dynamics analysis, we are not concerned with the structural estimation of Rybczynski derivatives. Rather, we seek to examine how much of the observed changes in patterns of specialization can be statistically explained by country-specific changes in factor endowments and by considerations that are common across countries. For this purpose, it does not matter whether the coefficient on factor endowments is capturing a direct Rybczynski effect or an indirect effect through relative prices and technology. The analysis simply examines how patterns of specialization are predicted to evolve based on factor endowments on the one hand and considerations that are common across countries and potentially industry-specific on the other hand.
The industry-time dummies impact on patterns of specialization because their value typically varies across industries. Changes in relative prices will, for example, lead some industries to expand and others to contract, resulting in both intra-distribution dynamics and changes in external shape. Although the industrytime dummies in Eq. (3) take the same value for all countries, their effect on patterns of specialization will be different in different countries. This is because the effect on patterns of specialization depends on the correlation between common changes in industry size on the one hand and a country's initial pattern of specialization on the other. For example, suppose that all countries experience a systematic increase over time in the GDP share of Chemicals and a systematic decrease in the GDP share of Iron and Steel. For those countries that initially specialize in Chemicals and where Iron and Steel is initially a small share of GDP, this common change in industrial structure will result in an increased degree of specialization and a polarization of GDP shares towards extreme values. For those countries that initially specialize in Iron and Steel and where Chemicals is initially a small share of GDP, a decrease in the extent of specialization and mobility within the distribution of GDP shares will be observed.
The evolution of countries' patterns of specialization will also vary substantially depending upon their precise paths of factor accumulation and the correlation between factor accumulation and the factor intensities of industries where they initially specialize. For these reasons, the model of distribution dynamics introduced in the next section is estimated country by country.
Empirical modelling of specialization dynamics
Denote a country c's extent of specialization in industry j at time t by s . A cjt country's pattern of specialization at a point in time is characterized by the cumulative distribution function of s across industries j, F (s). Corresponding to cjt ct F , we may define a probability measure, l ,
ct ct where, in the empirical application below, s is the share of an industry in a cjt country's GDP and l is the probability density function for shares of GDP across ct industries j in country c at time t.
The dynamics of a country's pattern of specialization correspond to the evolution of the entire cross-section distribution of s over time. We employ a statistical model of distribution dynamics that has been widely used in the cross-country growth literature. Following Quah (1993 Quah ( , 1996a ) the evolution of the cross-section distribution is modelled using a stochastic difference equation: is an operator that maps disturbances and probability measures into probability measures. For simplicity, we begin by assuming that this stochastic difference * equation is-first order and that the operator P is time invariant. Absorbing the c * disturbance u into the definition of the operator P , we obtain t c * * *
If the space of possible values for s is divided into a number of discrete cells
. . ,Kj, P becomes a matrix of transition probabilities:
where l is now a K 3 1 vector of probabilities that an industry is located in a ct kl * given grid cell at time t. An element p of the K 3 K matrix P denotes the c c
probability that an industry beginning in cell k moves to cell l, and may be estimated by counting the number of transitions out of and into each cell. The matrix of transition probabilities yields information on both the degree and pattern of mobility throughout the entire distribution of s. High values of transition probabilities along the diagonal indicate persistence, while larger off-diagonal 15 terms imply greater mobility. Taking the limit t →`in Eq. (7), one obtains the implied ergodic or stationary distribution of s. This is the long-run distribution towards which patterns of specialization are evolving, and corresponds to the eigenvector associated with the largest eigenvalue of the transition probability matrix. It provides information on the evolution of the external shape of the GDP shares distribution.
The degree of mobility in patterns of specialization may be summarized using indices of mobility. These formally evaluate the degree of mobility throughout the entire distribution of GDP shares and facilitate direct cross-country comparisons of 15 Rather than dividing the space of possible values for shares of GDP into a number of discrete cells, one may continue to treat s as a continuous variable and estimate the stochastic kernel corresponding to * P (see, for example, Quah, 1996b) . In the present application, there are too few industries to estimate c stochastic kernels for each country. The working paper version of this paper reported stochastic kernels estimated from pooling observations across countries (see Redding, 1999b) . 1 mobility. The first of these indices (M , following Shorrocks, 1978; Quah, 1996c) evaluates the trace, tr, of the transition probability matrix. This index thus directly captures the relative magnitude of diagonal and off-diagonal terms, and can be shown to equal the inverse of the harmonic mean of expected durations of 2 remaining in a given grid cell. The second (M , following Shorrocks, 1978; Geweke et al., 1986) evaluates the determinant, det, of the transition probability
c c c
Conventional hypothesis testing on the estimated transition probabilities is possible using results from Anderson and Goodman (1957) . Under the null kl kl hypothesis p 5 q , the transition probabilities for each state k have an asymptotic 2 x distribution: 
A key advantage of the statistical techniques used in this paper is that they facilitate an analysis of the evolution of the entire distribution of GDP shares. It becomes possible to explicitly address issues such as persistence versus mobility and changes in the overall degree of specialization. The implementation of the techniques raises a variety of issues of econometric specification, including the length of the transition period, the number of grid cells, and the stability of the * operator P over time. In the empirical analysis below, we present a series of tests c that demonstrate the robustness of the results across different econometric specifications.
Preliminary data analysis
We consider patterns of specialization across 20 manufacturing industries in seven OECD countries during 1970-90. Industry-level data on current price value-added are taken from the OECD's Structural Analysis Industrial (STAN) 17 database, while current price GDP data come from the Penn World Tables 5.6. Endowments of five factors of production are considered: durable goods capital, other capital, arable land, skilled labour, and unskilled labour. The data on both categories of capital goods are from the Penn World Tables 5.6, while the source of information on hectares of arable land is the United Nations Food and Agricultural Organization (FAO).
Skilled and unskilled labour are measured using the proportion of non-production and production workers in total manufacturing employment from the United Nations General Industrial Statistics Database (UNISD). Multiplying these proportions by the economy's total population, we obtain endowments of skilled and unskilled labour. The use of information on non-production / production workers to measure skills follows a large number of authors including Berman et 18 al. (1998) and Feenstra and Hanson (1999) . The UNISD data are collected in a consistent way across countries by a single organization. A key advantage over the information on educational attainment in Barro and Lee (1993) is that the data are available annually. The country-industry effect will control for any time-invariant errors of measurement in the factor endowments data. The choice of countries reflects the availability of the UNISD data. Our sample includes Canada, Denmark, Finland, Japan, Sweden, the United Kingdom, and the United States; a group of countries among which one would expect to observe substantial differences in both patterns of specialization and factor endowments. Table 1 reports the percentage share of total manufacturing value-added in GDP and the share of each industry's value-added in total manufacturing for all seven countries in 1970 and 1990. Manufacturing's share of GDP declines in all countries during the sample period, although the rate of decline varies substantially across countries: from a decline of 30.6% between 1970 and 1990 in the United Kingdom to 10.1% in Denmark. Table 1 also reveals marked changes in the relative importance of individual sectors within manufacturing. Some sectors account for a declining share of manufacturing value-added in all countries (e.g. Textiles and Ferrous metals), while others constitute a rising share of manufacturing value-added in all countries (e.g. Drugs and Radio / TV). Again, the rate of decline or increase varies noticeably across countries: for example, in Radio / TV, the rate of increase varies from 19.8% between 1970 and 1990 in the United Kingdom to 62.5% in Japan and 297.6% in Finland. There are also examples of sectors which account for rising shares of manufacturing value-added in some countries and declining shares in others: for example, the share of the Computing sector displays a rapid increase in all countries except Canada and Sweden where it declines by 37.3% and 52.8%, respectively, between 1970 and 1990. Table 2 presents information on the evolution of factor endowments. The econometric specification presented above incorporates a country-industry effect and industry-time dummies. In the fixed effects estimation below, the endowments' coefficients are identified from country-specific variation in factor endowments over time. Table 2 shows that paths of factor accumulation do indeed differ substantially across countries during the sample period. For example, capital accumulation is particularly rapid in Japan. The evolution of numbers of nonproduction and production workers reflects both changes in skill composition and population growth. Increases in the number of non-production workers are largest in Finland, Japan, and the United States. Numbers of production workers fell in 19 most European countries, but rose in Canada and the United States.
Econometric estimation
Having informally examined changes in specialization and factor endowments, this section moves on to econometric estimation. We begin by estimating the structural equation (3) from neoclassical trade theory linking the share of a sector in a country's GDP to underlying economic determinants. The model of distribution dynamics introduced above is then used to analyze the actual evolution of patterns of specialization and their predicted evolution based on changing factor endowments and forces that are common across countries.
Estimating the neoclassical model
Appendix B presents the results of estimating Eq. (3) for each industry using a panel of data across countries and over time. Estimation is by within groups (fixed effects), and therefore explicitly allows the country-industry effect, h , to be cj correlated with countries' factor endowments. Factor endowments are found to be a statistically significant and quantitatively important determinant of patterns of specialization. Of the 100 coefficients on factor endowments, approximately one-half are statistically significant at the 10% level.
The pattern of estimated coefficients across industries accords with economic priors. In the Paper and Wood industries, where factor endowments might be expected to be particularly important for specialization, we find that four and three of the estimated coefficients on the five endowments are statistically significant at the 10% level. Endowments of non-production workers and durable capital have a negative and statistically significant effect on the Wood industry's share of GDP, Notes: number of non-production and production workers in thousands; durable and other capital in thousands of 1985 dollars; arable land area in thousands of hectares. D1990-70 is the percentage growth in the endowment over the 21-year sample period. Data Sources: Penn World Tables 5.6, United Nations General Industrial Statistics Database (UNISD), and United Nations FAO.
while the effect of endowments of other capital is positive and statistically significant. The two industries where factor endowments are least successful in explaining specialization patterns are Non-metallic Minerals and Shipbuilding. The first most likely reflects the omission of information on endowments of natural resources (some of which will be captured in the fixed effect), while it is plausible that the second is explained by the extensiveness of government intervention in the Shipbuilding industry.
In Fig. 1 , we display the estimated industry-year effects. These are normalized so that the 1970 value for each industry is 100, and correspond to the average time-path in the share of that industry in GDP across all seven countries. The figure demonstrates the role of the industry-year effects in generating systematic changes in patterns of specialization. There is a secular rise over time in the share of one group of industries in GDP (e.g. Chemicals and Drugs) and a secular decline in the share of a second group (e.g. Food and Textiles). The implied share of a third group of industries (e.g. Electrical and Rubber) remains broadly constant.
Specialization dynamics
Estimation of the model of distribution dynamics enables an analysis of intra-distribution dynamics, the evolution of the external shape of the distribution of GDP shares, and their economic determinants. We begin with the evolution of actual shares of sectors in GDP, s . Eq. (8) Table 3 presents estimation results for the United States. Panel (A) of the table is concerned with the evolution of actual shares of sectors in GDP, and its interpretation is as follows. The numbers in parentheses in the first column are the total number of industry-year observations in a particular grid cell over the sample period, while the first row of numbers denotes the upper endpoint of the corresponding grid cell. Thereafter, each row reports the estimated probability of passing from one state into another. For example, the second row of numbers presents (reading across from the second to the sixth column) the probability of remaining in the lowest state and then the probability of moving into the lower-intermediate, intermediate distribution of industries across grid cells in 1970 and the ergodic distribution implied by the estimated transition probability matrix. We find evidence of substantial mobility in patterns of specialization. In the United States, the estimated probability of moving out of a quintile of the distribution after 5 years ranges from 0.39 to 0.20. Mobility is smallest at the extremes of the distribution of GDP shares-in the lower and upper quintiles-and greatest in the centre. A comparison of the initial and ergodic distributions provides evidence of the general decline in the size of manufacturing industries during the sample period. The ergodic distribution reveals evidence of a polarization of GDP shares towards the bottom three quintiles of the distribution.
The estimated transition probabilities in Panel (A) of Table 3 capture two effects. First, the general decline in the size of manufacturing will tend to induce the average industry to move from a higher to a lower grid cell. Second, individual manufacturing industries will move between grid cells because they experience different rates of growth and decline, resulting in changes in their relative position within the distribution of GDP shares. The theoretical model of Section 3 implies that both phenomena are of interest and should be included in the empirical analysis. Manufacturing's decline is one of the features about the evolution of patterns of specialization that the model seeks to explain. For example, the contribution of changes in world relative prices (associated with the development of manufacturing centres in East Asia and elsewhere) and of pervasive technological change will be captured in the estimated industry-year dummies. Moreover, a number of manufacturing industries experience increases in their share of a country's GDP during the sample period. This is reflected in the upward trend over time in the industry-year effects for a number of sectors in Fig. 1 .
Nonetheless, in order to demonstrate that the finding of mobility is not driven by the decline in the average size of manufacturing sectors and that changes in the relative size of individual industries are important, we undertake the following robustness test. At each point in time, the share of a manufacturing industry in a country's GDP, s , is normalized by the average share of all manufacturing Table 3 reports estimation results for the United States, where the mean value of s across industries in 1970 was 1.177. Boundaries between grid cjt cells are again chosen such that industry-year observations are distributed roughly equally across cells, and we are therefore again concerned with movements between quintiles of the distribution. The estimated transition probabilities now only capture changes in the relative position of industries within the distribution of GDP shares. Again, we find evidence of mobility in patterns of specialization. The estimated probability of moving out of one quintile of the distribution in the United States varies from 0.36 to 0.16. We find no evidence of increased specialization within the manufacturing sector. The greater mass of the ergodic distribution is concentrated in the middle three quintiles, and there is actually a decrease in mass in the upper and lower quintiles relative to the initial distribution in 1970.
Economic determinants of specialization dynamics
Having shown that changes in the relative size of individual manufacturing industries are driving the empirical findings of mobility, we now consider the economic determinants for observed changes in patterns of specialization. We return to the use of un-normalized GDP shares as implied by theory. Panels Comparing Panel (C) with the results for actual shares of GDP in Panel (A), the estimated values of transition probabilities generally lie close together, implying that the model is reasonably successful at explaining observed mobility in patterns of specialization. Over 5 years with the fitted values, the estimated probability of moving out of one quintile of the distribution of GDP shares ranges from 0.32 to 0.20. Estimated values for the diagonal elements of the transition probability matrix are higher in the middle three quintiles of the distribution when using fitted, P s , rather than actual, s , values. This suggests a potential role for other cjt cjt considerations in explaining mobility in the centre of the distribution, including country-specific changes in technology or relative prices that are uncorrelated with factor endowments. This is consistent with the theoretical model presented earlier.
The predicted movements of industries within the distribution of GDP shares using the fitted values are the result of a combination of both changes in endowments and industry-year effects. The lower two panels of Table 3 present   E estimation results using endowment predictions, s , and industry-year prediccjt I tions, s . In principle, these may individually display either more or less mobility cjt than when using the fitted values. If the changes in a country's pattern of specialization induced by factor endowments tend to reinforce those brought about by industry-year effects, predicted movements of industries within the GDP shares distribution will be smaller when considering one of these sets of influences than when considering both together. In contrast, if the changes in specialization induced by factor endowments tend to offset those brought about by industry-year effects, examining factor endowments (or industry-year effects) individually will predict larger movements of industries within the GDP shares distribution.
In the case of the United States, less mobility in patterns of specialization is observed with the endowment or industry-year predictions individually than with fitted or actual values of GDP shares. The estimated values of transition probabilities along the diagonal are generally larger in the bottom two panels of the table. This is particularly true for the endowment predictions which display the least mobility. Therefore, over a 5-year time horizon, considerations that are common across countries are quantitatively more important in explaining changes in US patterns of specialization than country-specific changes in factor endowments.
The pattern of mobility with the endowment predictions is also of interest. These are characterized by extreme immobility in the lower and upper quintiles of the GDP shares distribution, combined with a level of mobility in the centre of the distribution not dissimilar (and in fact higher in the third quintile) than found with the industry-year predictions, fitted values, and actual shares of GDP. During the sample period, factor endowments were responsible for a polarization in patterns of specialization in the United States, reinforcing specialization in sectors which initially had high shares of GDP, preserving low shares of GDP in sectors that were initially small, and reducing the number of sectors with intermediate values for shares of GDP.
In Table 4 , we examine how these results are affected by allowing transitions to occur over a longer time horizon of 10 years. Exactly the same boundaries between grid cells as before are used. Over longer time horizons, more mobility in patterns of specialization is observed. In the United States, the estimated probability of moving out of a quintile of the distribution after 10 years ranges from 0.83 to 0.38. Mobility remains greatest in the centre of the distribution and smallest at the extremes. The relative contribution of factor endowments to changes in patterns of specialization is now greater: the average value of the diagonal elements of the estimated transition probability matrix with the endowments predictions is lower than with the industry-year predictions. A similar pattern of mobility is also observed. The endowment predictions exhibit extreme immobility in the lower and upper quintiles of the GDP shares distribution, combined with much greater mobility in the centre of the distribution.
These results are consistent with the idea that changes in relative factor abundance occur gradually and take time to manifest themselves in substantial changes in patterns of specialization. They also confirm the role of US factor endowments in reinforcing specialization in sectors which began with high shares of GDP and acting against specialization in sectors which began with low shares of GDP. and the other six countries in the sample. When estimating transition probabilities for the other countries, boundaries between grid cells are again chosen such that industry-year observations are allocated roughly equally across the cells. We are therefore always concerned with movements of industries between quintiles of the GDP shares distribution. For a given country, the same grid boundaries are used for actual shares of GDP, fitted shares of GDP, endowment predictions, and industry-year predictions. The estimated transition probabilities again capture the ability of the model or the relevant component of the model to explain observed movements of industries between quintiles of the distribution of actual GDP shares. Mobility indices are evaluated based on the results for actual shares of GDP, fitted shares of GDP, endowment predictions, and industry-year predictions. Table 5 also reports the ratio of the mobility indices for the endowment and industry-year predictions. This provides a measure of the relative importance of these two sets of considerations in explaining changes in patterns of specialization. Levels of mobility vary across the seven countries. With 5-year transitions, Japan and Sweden exhibit the highest levels; Canada, the United Kingdom, and United States have intermediate levels; Denmark and Finland display the least. A similar pattern is observed with 10-year transitions. Mobility remains high in Japan and is low in Denmark and Finland. Over the longer time horizon, the United Kingdom and United States display higher levels of mobility relative to the other countries in the sample.
Indices of mobility
We saw above that the model was reasonably successful at explaining changes in US patterns of specialization. This is confirmed for the other countries in Table  5 , where levels of mobility using the fitted values for shares of GDP are typically close to those using the actual values. The conclusions concerning the relative importance of factor endowments and industry-year effects in the United States are also confirmed using the formal indices of mobility. A similar pattern of results is found for the other six countries. Over 5-year periods, common cross-country effects are more important in explaining observed changes in patterns of specialization than factor endowments for the majority of countries. Over 10-year periods, factor endowments become relatively more important in each country in the sample. Over the longer time horizon, factor endowments account for most of the observed mobility in specialization patterns in all countries except Canada and Sweden.
The two countries where the relative contribution of factor endowments to changes in specialization is greatest are Japan and Finland. Even over 5-year periods, factor endowments explain most of the observed mobility in these countries' patterns of specialization. These findings are consistent with the preliminary data analysis in Table 2 . Japan displays the highest rates of accumulation of durable capital and other capital, and exhibits the second highest rate of accumulation of non-production workers. Similarly, Finland has the highest rate of increase of non-production workers and the second highest rate of decrease in production workers.
6.5. Statistical significance Table 6 examines the statistical significance of the differences between the transition probability matrices estimated using actual shares of GDP, fitted shares of GDP, endowment predictions, and industry-year predictions. In each case, the null hypothesis is that the Data Generation Process (DGP) equals the matrix of transition probabilities estimated using actual GDP shares. We test whether the matrices estimated using the fitted values, endowment predictions, and industryyear predictions are statistically significantly different from this null. In the interests of brevity, the analysis is restricted to the transition probability matrices estimated over 5-year periods. Column (2) reports the results using fitted shares of GDP, where we are unable to reject the null hypothesis at the 5% level for a majority of countries. This provides further evidence of the model's ability to explain observed mobility in patterns of specialization. The exceptions are Finland and Japan, although only the Japanese matrix is statistically significantly different from the null at the 1% level. Thus, while factor endowments are important in accounting for changes in specialization in Japan, there remains a potential role for country-specific changes in technology and relative prices. Columns (3) and (4) present the results using endowment and industry-year predictions respectively. The null hypothesis is rejected at the 5% level in all countries, except for the endowments predictions in Denmark and the industry-year predictions in Finland. In almost all cases, the distinctive predictions of factor endowments for patterns of specialization noted above are statistically significantly different from the null that the DGP is given by actual specialization dynamics. Table 7 examines the evolution of the external shape of the distribution of GDP shares in the other countries. For each country, we report the initial distribution of industries across grid cells and the ergodic distribution implied by the transition probability matrix estimated using actual shares of GDP and with 5-year transitions.
External shape
In Canada, Japan, Sweden, and the United Kingdom, the decline in the size of manufacturing is reflected in the polarization of the ergodic distribution towards the bottom two quintiles. In Finland and Denmark, the ergodic distribution shows an increase in the number of industries located at intermediate values for shares of GDP relative to the initial distribution, providing evidence of a decrease in the overall degree of specialization in these countries. If actual shares of GDP are normalized by their mean across industries, we find no evidence of an increase in specialization within manufacturing for any of the countries in the dataset. In Finland and Denmark, there is again an increase in the number of industries located at intermediate values.
Robustness of results
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Finally, we undertake a series of econometric robustness tests. Our results are robust to each of these tests. First, the space of values for shares of GDP was divided into four grid cells rather than five and transition probability matrices were Notes: initial is the distribution of industries across grid cells in 1970 and ergodic is the stationary distribution implied by the transition probability matrices estimated for actual shares of GDP, s . cjt re-estimated over 5-year and 10-year time periods. We again find evidence of substantial mobility in patterns of specialization. Transition probabilities estimated using the fitted values for shares of GDP are close to those estimated using the actual values. The relative importance of factor endowments in explaining changes in patterns of specialization is greater over longer time horizons, and there is no evidence of an increase in countries' overall degree of specialization over time.
Second, we return to the case of five grid cells and examine the robustness of the results to estimating transition probabilities over 3-year and 8-year time periods rather than over periods of 5 and 10 years. Again, a very similar pattern of results is observed with factor endowments becoming more important as explanations for mobility over longer time horizons. Third, we examine the stability of the estimated transition probability matrices over time. Transition probabilities are re-estimated excluding the last 5 years of the sample period and compared with those estimated for the full sample (this ensures a minimum of over 30 observations in each grid cell). We test the null hypothesis that the transition probabilities estimated for the full sample are the result of a Data Generation Process (DGP) given by the matrix estimated excluding the last 5 years. For each of the countries in the sample, we are unable to reject the null hypothesis at conventional levels of statistical significance.
Fourth, we examine the sensitivity of the results to the inclusion of individual industries. Each industry was sequentially excluded from the sample and transition probability matrices were re-estimated. There is little variation in the estimated transition probabilities across the 20 sets of estimation results. The sample mean of each element of the transition probability matrix lies close to the value estimated for the full sample above. The sample standard deviation of each element of the matrix across the 20 sets of estimation results is an order of magnitude smaller than the estimated transition probabilities.
Conclusions
Much of the existing empirical trade literature is concerned with the static predictions of international trade theory for cross-section patterns of specialization at a point in time. This contrasts with the theoretical literature on trade and growth, which emphasizes that comparative advantage is dynamic and evolves endogenously over time. This paper proposes an empirical framework for analyzing the dynamics of specialization; the framework is implemented using disaggregated data on 20 manufacturing industries in seven OECD countries during 1970-90.
The analysis begins with a measure of a country's extent of specialization in an industry derived directly from neoclassical trade theory: the share of the industry in that country's GDP. A country's pattern of specialization at a point in time is characterized by the distribution of this measure across industries, while the dynamics of specialization correspond to the evolution of this entire distribution over time. We employ a model of distribution dynamics from the cross-country growth literature that is explicitly suited to an analysis of the evolution of entire distributions. Transition probability matrices are estimated for each of the seven countries in our sample: Canada, Denmark, Finland, Japan, Sweden, United Kingdom, and United States. There is evidence of substantial mobility in patterns of specialization, with Japan typically displaying the highest levels of mobility, and Denmark and Finland displaying the least.
Over 5-year time periods, considerations which are common across countries, including changes in prices on world markets and common changes in technical efficiency, explain most of the observed mobility in patterns of specialization for the majority of countries. A notable exception is Japan. Even over 5-year time periods, the substantial changes in Japan's pattern of specialization are largely explained by the rapid accumulation of physical and human capital. Over longer time horizons of 10 years, common cross-country effects remain substantial but country-specific changes in factor endowments become relatively more important. In the literature on international trade and wage inequality, there is considerable debate concerning the speed at which ''the Heckscher-Ohlin clock ticks.'' This finding suggests that it takes a number of years for gradual changes in relative factor abundance to manifest themselves in substantial changes in patterns of specialization.
We find no evidence of an increase in the extent to which countries' production is concentrated in a few industries. Indeed, in Finland and Denmark, there is an increase in the number of industries located at intermediate values for shares of GDP, suggesting a decrease in specialization in these countries. The results were shown to be robust to the number of grid cells chosen, the exact length of the transition periods considered, and to the exclusion of individual industries. We find no evidence of a statistically significant change in the estimated transition probability matrices over time.
Taken together, our results show how statistical models of distribution dynamics may be used to shed light on a variety of issues relating to specialization dynamics, bringing empirical work closer to the focus on dynamic comparative advantage evident in theoretical research on trade and growth. Notes: dependent variable is the percentage share of sector in GDP. Independent variables are as follows: nprod is log number of non-production workers (thousands); prod is log number of production workers (thousands); dkap is log stock of durable capital (thousands of 1985 US dollars); okap is log stock of other capital (thousands of 1985 US dollars); arable is log arable land (thousands of hectares). See Appendix A for a list of industry names in full and International Standard Industrial Classification (ISIC) codes. Sample size is 147 observations per industry; time-period is 1970-90. Standard errors are Huber-White heteroscedasticity robust. All industry regressions include a full set of year dummies and country fixed effects.
